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IMAGE TRANSMISSION SYSTEM, IMAGLE
RECEIVING DEVICE, AND CONTROL
METHOD FOR IMAGE RECEIVING DEVICE

The present application 1s based on, and claims priority
from JP Application Serial Number 2020-092015, filed May

2’7, 2020, the disclosure of which 1s hereby incorporated by
reference herein 1n its entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to an 1mage transmission
system, an 1mage recerving device, and a control method for
an 1mage receiving device.

2. Related Art

JP-A-2008-90561 discloses a system in which i1mage
information 1s transmitted from a computer to an i1mage
projection device via a wireless device coupled to the
computer, thus causing the 1mage projection device to
display an 1mage. Such a system 1mproves the convenience
ol the user because there 1s no need to couple the computer
and the 1image projection device together via a wire.

However, when actually transmitting image information
from the computer to the image projection device and
causing the image projection device to project an 1image, the
user or the like operating the computer must move to the
position of the image projection device or go to get a remote
controller for operating the 1mage projection device 1n order
to turn on the power of the image projection device. Thus,
turther improvement 1n convenience 1s demanded.

SUMMARY

An 1mage transmission system includes an 1mage trans-
mitting device coupled to an 1mage supply device, and an
image receiving device coupled to an 1mage display device.
The 1mage transmission system 1s configured to transmit
image information from the image transmitting device to the
image receiving device via wireless communication. The
image transmitting device includes: a coupling unit coupled
to the 1mage supply device; and a first wireless communi-
cation unit starting the wireless communication when the
coupling unit 1s coupled to the image supply device, and
transmitting the image information supplied from the image
supply device via the coupling unit, to the image receiving
device. The i1mage receiving device includes: a second
wireless communication unit receiving the image informa-
tion transmitted from the 1mage transmitting device; a first
output unit outputting the image mformation received by the
second wireless communication unit to the image display
device; a second output unit outputting a control signal
controlling a power of the image display device to the image
display device; and a control unit detecting a state of the
wireless communication by the 1mage transmitting device.
The control unit outputs a first control signal turning on the
power of the image display device from the second output
unit to the image display device, when detecting that the
wireless communication 1s started.

An 1mage transmission system includes an 1mage trans-
mitting device coupled to an 1mage supply device, and an
image display device displaying an image. The image trans-
mission system 1s configured to transmit image information
from the image transmitting device to the image display

10

15

20

25

30

35

40

45

50

55

60

65

2

device via wireless communication. The 1mage transmitting
device includes: a coupling unit coupled to the image supply
device; and a first wireless communication unit starting the
wireless communication when the coupling unit 1s coupled
to the mmage supply device, and transmitting the image
information supplied from the image supply device via the
coupling unit, to the mmage display device. The image
display device includes: a second wireless communication
unit recerving the image information transmitted from the
image transmitting device; a display unit displaying the
image based on the image information received by the
second wireless communication unit; and a control unit
detecting a state of the wireless communication by the image
transmitting device. The image display device 1s configured
to switch between a first state where a power 1s on and a
second state where the power 1s ofl except for a portion
including the second wireless communication unit. The
control unit switches the image display device into the first
state when detecting that the wireless communication 1s
started where the 1mage display device 1s 1n the second state.

An 1mage receiving device recerves image information
from an 1mage transmitting device starting wireless com-
munication when coupled to an image supply device and
which outputs the image information to an image display
device. The image receiving device includes: a wireless
communication unit receiving the image mformation trans-
mitted from the image transmitting device; a first output unit
outputting the image information recerved by the wireless
communication unit to the image display device; a second
output unit outputting a control signal controlling a power of
the image display device to the image display device; and a
control unit detecting a state of the wireless communication
by the 1image transmitting device. The control unit outputs a
first control signal turning on the power of the 1mage display
device from the second output umt to the image display
device, when detecting that the wireless commumnication 1s
started.

A control method for an 1mage receiving device which
receives 1mage information from an image transmitting,
device starting wireless communication when coupled to an
image supply device and which outputs the image 1informa-
tion to an 1mage display device includes: detecting a state of
the wireless commumication by the image transmitting
device; outputting a first control signal turning on a power
of the image display device to the image display device,
when detecting that the wireless communication 1s started;
receiving the image information transmitted from the image
transmitting device; and outputting the received 1image infor-
mation to the image display device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an explanatory view showing an image display
system according to a first embodiment.

FIG. 2 1s a block diagram showing a schematic configu-
ration of a computer and an 1mage transmitting device.

FIG. 3 1s a block diagram showing a schematic configu-
ration of an 1mage receiving device.

FIG. 4 1s a flowchart for explaining an operation of the
image receiving device.

FIG. 5 1s an explanatory view showing an 1mage display
system according to a second embodiment.

FIG. 6 1s a block diagram showing a schematic configu-
ration of a projector according to the second embodiment.
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FIG. 7 1s a block diagram showing a schematic configu-
ration of an 1mage projection unit.

FIG. 8 1s a flowchart for explaining an operation of the
projector.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

An i1mage transmission system 100 according to this
embodiment will now be described with reference to the
drawings.

FIG. 1 1s an explanatory view showing the image trans-
mission system 100.

As shown 1 FIG. 1, the image transmission system 100
has a computer 1 as an i1mage supply device, an 1mage
transmitting device 2, an 1image receiving device 3, and a
projector 4 as an 1mage display device. The computer 1 1s,
for example, a laptop personal computer and has an i1nput
operation unit 12 such as a keyboard and a display unit 13
displaying an image that are provided 1n an integrated form.
The image transmitting device 2 1s configured to be able to
be coupled to the computer 1 and wirelessly transmits image
information of a display image Im1 displayed on the display
unit 13 of the computer 1 to the image receiving device 3.
The image receiving device 3 1s coupled to the projector 4.
The 1image recerving device 3 recerves the image informa-
tion transmitted from the 1mage transmitting device 2 and
outputs the 1mage information to the projector 4. The
projector 4 receives the image information supplied from the
image receiving device 3 and projects a display image Im?2
corresponding to the image information, that 1s, a display
image Im2 of the same content as the display image Iml,
onto a projection surface SC such as a screen or wall surface.
The 1mage transmitting device 2 and the image receiving
device 3 are connected together via a wireless LAN (local
arca network).

FIG. 2 15 a block diagram showing a schematic configu-
ration ol the computer 1 and the 1mage transmitting device
2.

As shown 1n FIG. 2, the computer 1 includes a control unit
10, a storage unit 11, the input operation unit 12, the display
unit 13, a display control unit 14, and a USB (universal serial
bus) communication unit 15.

The control unit 10 1includes one or a plurality of proces-
sors, a RAM (random-access memory), and a ROM (read-
only memory) or the like. The control unit 10 operates
according to a program stored 1n the ROM or a program read
out from the storage unit 11 or an external storage device or
the like into the RAM and thus controls operations of the
computer 1.

The storage unit 11 has a storage device such as a hard
disk drive or solid-state drive. The storage unit 11 stores an
OS (operating system) that 1s installed, an application pro-
gram, and various data or the like. An 1mage transmission
program Pt 1s stored 1n the storage unit 11 in this embodi-
ment. The image transmission program Pt 1s an application
program for transmitting image information from the com-
puter 1 to outside via the 1mage transmitting device 2.

The mput operation unit 12 imncludes a keyboard accepting
an mput of a letter, control code or the like based on a key
operation, a pointing device, and the like. The input opera-
tion unit 12 transmits an operation signal based on an
operation carried out by the user, to the control unit 10.

10

15

20

25

30

35

40

45

50

55

60

65

4

The display unit 13 has a display device such as a liquid
crystal display or organic EL (electroluminescence) display
and displays an 1image based on image information.

The display control unit 14 1s formed of one or a plurality
ol processors, and under the control of the control unit 10,
controls the display of an 1mage by the display unit 13. The

display control unit 14 1s coupled to a VRAM (video RAM),
not illustrated. The display control unit 14, under the control
of the control unit 10, stores image information correspond-
ing to the OS, application program, various data and the like
into the VRAM and thus causes the display unit 13 to
display an image based on the image mmformation. The
display control unit 14 may be formed of a dedicated
processing device such as an ASIC (application-specific
integrated circuit) or FFGA (field-programmable gate array).

The USB commumnication unit 15 1s coupled to an external
peripheral device via a USB terminal, not illustrated, and
performs data communication conforming to the USB stan-
dard with the peripheral device, under the control of the
control unit 10. As the peripheral device, the 1mage trans-
mitting device 2 1s coupled to the USB communication unit
15 1n this embodiment.

The 1mage transmission program Pt stored 1n the storage
unit 11 of the computer 1 1s a program for transmitting image
information from the image transmitting device 2 1n order to
cause the projector 4 to display the same image as the
display 1mage Im1 displayed on the display umt 13. When
an instruction to execute the 1mage transmission program Pt
1s given by the user or when the coupling of the image
transmitting device 2 to the USB communication unit 135 1s
detected, the control unit 10 starts the image transmission
program Pt and starts operating according to the image
transmission program Pt. Specifically, the control unit 10
acquires 1mage information of the display image Im1 dis-
played on the display unit 13 from the display control unit
14 and encodes the image information mto a predetermined
format. The control unit 10 then outputs the encoded image
information from the USB communication unit 15 to the
image transmitting device 2.

The image transmitting device 2 includes a control unit
20, a storage unit 21, a notification umt 22, a USB commu-
nication unit 23 as a coupling unit, and a wireless commu-
nication unit 24 as a first wireless communication unit. The
image transmitting device 2 wirelessly transmits image
information to an external device that 1s paired therewith 1n
advance. In this embodiment, acquiring necessary iforma-
tion for connecting to a communication target external
device via a wireless LAN 1s referred to as pairing. The
image transmitting device 2 1n this embodiment i1s paired
with the 1image receiving device 3 1 advance.

The control unit 20 has one or a plurality of processors
The control unit 20 operates according to a control program,
not 1llustrated, that 1s stored in the storage unit 21, and thus
controls operations of the image transmitting device 2.

The storage unit 21 has a memory and stores a control
program and control data or the like for controlling opera-
tions of the 1image transmitting device 2. In the storage unit
21 1n this embodiment, connection information Dc {for
connecting to the 1mage receiving device 3 via a wireless
L AN 1s stored. The connection information Dc includes an
SSID (Service Set Identifier), which 1s an identifier 1n the
wireless LAN, a password corresponding to the SSID, the IP
address of the image receiving device 3, and the like. The
connection information Dc 1s acquired from the image
receiving device 3 based on the pairing with the image
receiving device 3 and i1s stored 1n the storage unit 21.
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The notification unit 22 has one or a plurality of LEDs
(light-emitting diodes). The control unit 20 controls the
lighting state or the lighting color of the LED and thus
causes the nofification unit 22 to notily the user of the
operation state of the image transmitting device 2.

The USB communication unit 23 1s coupled to the com-
puter 1, which 1s an external host device, via a USB terminal,
not 1llustrated, and under the control of the control unit 20,
performs data communication conforming to the USB stan-
dard with the computer 1.

The wireless communication unit 24 has a wireless LAN
device communicating via a wireless LAN, and under the
control of the control unit 20, wirelessly communicates with
an external device such as the image receiving device 3. The
wireless communication unit 24 1n this embodiment wire-
lessly transmits 1image information mputted from the com-
puter 1 via the USB communication unit 23, to the image
receiving device 3.

The 1mage transmitting device 2 1s configured 1n such a
way that the computer 1 can access the storage unit 21 of the
image transmitting device 2 in the state where the image
transmitting device 2 1s coupled to the computer 1. An image
transmission program Pt 1s stored in the storage umt 21.
Therefore, even when the image transmitting device 2 1s
coupled to the computer 1 having no 1image transmission
program Pt installed therein, the computer 1 can read out the
image transmission program Pt from the storage unit 21 and
execute the 1mage transmission program Pt.

FIG. 3 1s a block diagram showing a schematic configu-
ration of the image receiving device 3.

As shown 1n FIG. 3, the image receiving device 3 includes
a control unit 30, a storage unit 31, an 1nput operation unit
32, a USB communication unit 33, a wireless communica-
tion unit 34 as a second wireless communication unit, an
HDMI (High-Defimtion Multimedia Interface, trademark
registered) input unit 35, an i1mage selection unit 36, an
image processing unit 37, an HDMI output unit 38 as a {first
output unit and a second output unit, and a power supply
device 39.

The control unit 30 has one or a plurality of processors.
The control unit 30 operates according to a control program,
not 1llustrated, that 1s stored 1n the storage unit 31, and thus
controls operations of the image receiving device 3.

The storage unit 31 has a memory and stores a control
program and control data or the like for controlling opera-
tions of the 1image receiving device 3. In the storage unit 31
in this embodiment, connection information Dc for an
external device to connect to the image receiving device 3
via a wireless LAN 1s stored. The connection information Dc
stored in the storage unit 21 of the image transmitting device
2 1s the same as the connection imnformation Dc stored in the
storage unit 31 and 1s copied from the image receiving
device 3 to the image transmitting device 2 when these
devices are paired.

The mput operation unit 32 has a plurality of operation
keys for the user to give various instructions to the image
receiving device 3. The operation keys provided 1n the input
operation unit 32 include a power key for switching the
power on and off, an 1image selection key for switching
image mformation to be outputted, and the like. When the
user operates various operation keys of the mput operation
unit 32, the mput operation unit 32 outputs an operation
signal corresponding to the content of the operation by the
user to the control unit 30. A remote controller, not 1llus-
trated, that can perform remote operations, may be used as
the input operation unit 32. In this case, the remote controller
outputs an infrared operation signal corresponding to the

10

15

20

25

30

35

40

45

50

55

60

65

6

content of the operation by the user, and a remote control
signal recerving unit, not illustrated, receives this operation
signal and transmits the operation signal to the control unit
30.

The USB commumnication unit 33 1s coupled to an external
peripheral device via a USB terminal, not illustrated, and
performs data communication conforming to the USB stan-
dard with the peripheral device, under the control of the
control umt 30. The USB communication umt 33 1s used
when the 1image receiving device 3 1s paired with the image
transmitting device 2. Specifically, when the USB commu-
nication unit 23 of the image transmitting device 2 to be
paired 1s coupled to the USB communication unit 33 of the
image receirving device 3 and a predetermined operation 1s
carried out on the mput operation unit 32, the control unit 30
outputs the connection information Dc stored in the storage
unit 31 to the image transmitting device 2 via the USB
communication unit 33. Then, the control unit 20 of the
image transmitting device 2 stores the connection mforma-
tion Dc inputted via the USB communication unit 23 into the
storage unit 21. The pairing 1s thus completed.

The wireless communication unit 34 has a wireless LAN
device communicating via a wireless LAN, and under the
control of the control unit 30, wirelessly communicates with
an external device such as the image transmitting device 2.
The control umit 30 can detect the state of the wireless
communication by the image transmitting device 2, based on
the result of the communication by the wireless communi-
cation unit 34. When wireless communication 1s started or
disconnected, the control unit 30 can detect this. When
image mnformation 1s transmitted to the wireless communi-
cation unit 34 from the image transmitting device 2, the
wireless commumication unit 34 receives the 1mage infor-
mation and outputs the received image mformation to the
image selection unit 36. The wireless communication unit 34
can also communicate with a plurality of 1image transmitting
devices 2 and can receive 1image information from each of
the plurality of image transmitting devices 2.

The HDMI input unit 35 1s coupled to an external image
output device, not 1llustrated, and takes 1n 1mage information
conforming to HDMI mputted from the image output
device. The HDMI 1nput unit 335 includes a coupling termi-
nal and an interface circuit or the like and outputs 1image
information mputted from the 1mage output device, to the
image selection umt 36. The control unit 30 can detect
whether 1image imformation 1s mputted to the HDMI input
unit 35 or not.

The 1mage selection unit 36, under the control of the
control unit 30, selects one or a plurality of pieces of image
information mmputted from the wireless communication unit
34 and the HDMI input unmit 35 and outputs the selected
image information to the image processing unit 37. The
image selection unit 36 may be implemented by an 1ndi-
vidual circuit or may be integrated with the control unit 30.

The 1mage processing unit 37 performs necessary pro-
cessing on i1mage nformation inputted from the image
selection unit 36 and outputs the processed 1mage informa-
tion to the HDMI output unit 33. For example, when 1image
information transmitted from the image transmitting device
2 15 inputted to the image processing unit 37 from the image
selection unit 36, the 1image processing unit 37 decodes the
image information and performs processing to convert the
image information into image information conforming to
HDMI. When a plurality of pieces of image information are
inputted to the 1mage processing unit 37 from the image
selection unit 36, the 1mage processing unit 37 performs
processing to reduce each piece of 1image mmformation and
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generate one piece ol 1mage information where a plurality of
images are arranged next to each other. The 1image process-
ing unit 37 may also perform processing to superimpose an
OSD (on-screen display) on 1mage information, when nec-
essary.

The HDMI output unit 33 includes a coupling terminal
and an interface circuit or the like, not 1illustrated, and
outputs 1mage information inputted from the 1image process-
ing unit 37 to an mmage display device coupled to the
coupling terminal. The projector 4 1s coupled to the HDMI
output unit 38 1n this embodiment. The projector 4 projects
image light based on image information mputted from the
image recerving device 3 and displays a display image Im2
onto the projection surface SC. The display image Im2
includes the display image Im1 displayed on the display unit
13 of the computer 1. The HDMI output unit 38 also relays
iput and output of control information, based on a function
called CEC (Consumer Electronics Control) of HDMI.
Theretore, the control unit 30 can 1nput and output control
information to and from the projector 4 via the HDMI output
unit 38. The control information imncludes a control signal for
controlling the power of the projector 4.

The power supply device 39 1s coupled to a power grid,
not illustrated, of AC 100 V or the like. The power supply
device 39 converts electric power from the power grid to DC
power of a predetermined voltage, and under the control of
the control unit 30, supplies the electric power to each part
forming the image receiving device 3. The supply route of
clectric power 1s not 1llustrated. In the state where the power
supply device 39 1s coupled to the power grid, the image
receiving device 3 can switch between a power-on state as
a lirst state and a standby state as a second state. The
power-on state 1s a state where the power of the image
receiving device 3 1s on and where electric power 1s supplied
from the power supply device 39 to each part of the image
receiving device 3, enabling the image receiving device 3 to
perform a desired operation. Meanwhile, the standby state 1s
a state where the power 1s off except for a portion of the
image recerving device 3 and where power consumption 1s
lower than 1n the power-on state. In the standby state in this
embodiment, electric power 1s supplied from the power
supply device 39 to the input operation unit 32, the wireless
communication unit 34, and a part of the control unit 30
controlling these units, and therefore enables these units to
operate. The control unit 30 can control the power supply
device 39 to switch between the power-on state and the
standby state.

Operations of the image transmission system 100 waill
now be described.

As described above, the 1image transmitting device 2 1s
paired with the image receiving device 3 1n advance, and the
connection mmformation Dc for wirelessly connecting to the
image receiving device 3 is stored 1n the storage unit 21 of
the 1mage transmitting device 2. The connection information
Dc 1s acquired by the user coupling the USB communication
unit 23 of the image transmitting device 2 to the USB
communication unit 33 of the image receiving device 3.
However, when the communication target 1s decided 1in
advance, the connection information Dc maybe stored 1n the
storage unit 21 before product shipping.

When the user couples the USB communication unit 23 of
the 1mage transmitting device 2 that is already paired, to the
USB communication unit 15 of the computer 1, the image
transmitting device 2 receives supply of electric power from
the computer 1 via the USB communication unit 23 and
starts operating according to the control program stored 1n
the storage unit 21.
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First, the image transmitting device 2 starts wireless
communication by the wireless communication unit 24 and
requests the 1mage receiving device 3 to connect, based on
the connection information Dc stored in the storage unit 21.
The 1mage receiving device 3 recerves the request for
connection from the image transmitting device 2 and trans-
mits a response to permit connection. Connection between
the 1mage transmitting device 2 and the image receiving
device 3 via a wireless LAN 1s thus established.

Meanwhile, when detecting the coupling of the image
transmitting device 2 to the USB commumnication umit 15, the
control unit 10 of the computer 1 starts the 1mage transmis-
sion program Pt that i1s installed 1n advance, and starts
operating according to the 1mage transmission program Pt.
Specifically, the control unit 10 outputs 1mage information
of the display image Im1 displayed on the display unit 13 of
the computer 1 to the image transmitting device 2 from the
USB communication unit 15. The image transmitting device
2 receives supply of the image information via the USB
communication unit 23 and starts transmitting the image
information from the wireless communication unit 24.

As described above, when the image transmission pro-
gram Pt 1s not installed in advance in the computer 1 to
which the image transmitting device 2. 1s coupled, the user
can designate, via the mput operation unit 12, the image
transmission program Pt stored 1n the storage unit 21 of the
image transmitting device 2 and cause the computer 1 to
execute the 1mage transmission program Pt.

FIG. 4 1s a flowchart for explaining operations of the
image receiving device 3, that 1s, a control method for the
image recerving device 3. In the standby state, the image
receiving device 3 operates according to the flow shown in
FIG. 4. To simplily the explanation, FIG. 4 shows a con-
figuration where the image receiving device 3 recerves
image information only from one 1image transmitting device
2.

As shown 1n FIG. 4, 1n step S101, the control umt 30 of
the 1mage receiving device 3 determines whether wireless
communication by the image transmitting device 2 1s started
or not, that 1s, whether a request for connection 1s made by
the 1mage transmitting device 2 or not. When a request for
connection 1s made by the image transmitting device 2, the
control unit 30 shifts to step S102 and establishes connection
via a wireless LAN. Meanwhile, when no request for
connection 1s made by the image transmitting device 2, the
control unit 30 repeats step S101.

As the wireless communication by the 1mage transmitting
device 2 1s started and the connection with the image
transmitting device 2 1s established, the control unit 30 in
step S103 controls the power supply device 39 to start
supplying electric power to each part and switches the power
state of the 1image receiving device 3 from the standby state
to the power-on state.

Next, i step S104, the control unit 30 outputs a first
control signal, which 1s a control signal for turning on the
power of the projector 4, from the HDMI output unit 38 to
the projector 4 by the CEC function of HDMI. When the first
control signal 1s mputted to the projector 4 1n the standby
state, the projector 4 turns on its own power and 1s thus
enabled to project an 1mage.

In step S103, the wireless communication unit 34 receives
image information transmitted from the image transmitting
device 2. The received image information 1s outputted to the
image processing unit 37 via the image selection unit 36. In
step S106, the 1mage processing unit 37 performs necessary
processing such as decoding on the mputted 1mage nfor-
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mation and outputs the processed 1mage information to the
projector 4 via the HDMI output unit 38.

In step S107, the control unit 30 determines whether the
wireless communication from the image transmitting device
2 1s disconnected or not. For example, when the image
transmitting device 2 1s removed from the computer 1 and
the computer 1 and the image transmitting device 2 are
decoupled from each other, the wireless communication 1s
disconnected. When detecting that the wireless communi-
cation 1s disconnected, the control unit 30 performs process-
ing to end the communication and then shifts the processing
to step S108. Meanwhile, when not detecting that the
wireless communication 1s disconnected, the control unit 30
returns the processing to step S105 and repeats the reception
and output of 1image information.

When the wireless communication by the image trans-
mitting device 2 1s disconnected and the processing 1s
shifted to step S108, the control unit 30 determines whether
the wireless communication by the image transmitting
device 2 1s resumed or not, that 1s, whether a request for
connection 1s made again by the image transmitting device
2 or not. For example, when the image transmitting device
2 removed from the computer 1 i1s coupled to another
computer 1, the wireless communication by the image
transmitting device 2 1s resumed. When a request for con-
nection 1s made by the image transmitting device 2, the
control umt 30 shifts the processing to step S109. When no
request for connection 1s made by the image transmitting
device 2, the control unit 30 shifts the processing to step
S110.

When a request for connection 1s made by the image
transmitting device 2 and the processing 1s shifted to step
S109, the control unit 30 establishes connection with the
image transmitting device 2 via a wireless LAN again and
shifts the processing to step S103. From this point onward,
the 1mage recerving device 3 repeats the reception and
output of 1mage information transmitted from the image
transmitting device 2.

Meanwhile, when no request for connection 1s made by
the 1image transmitting device 2 and the processing 1s shifted
to step S110, the control unit 30 determines whether a
predetermined time 1s elapsed since the disconnection of the
wireless communication 1s detected 1n step S107, or not.
When the predetermined time 1s not elapsed, the control unit
30 returns the processing to step S108 and determines
whether the wireless communication i1s resumed or not.
Meanwhile, when the predetermined time i1s elapsed since
the disconnection of the wireless communication is detected,
the control unit 30 shifts the processing to step S111. The
predetermined time 1s assumed to be, for example, approxi-
mately one minute. However, the predetermined time may
be shorter than one minute or may be a longer time than one
minute such as five minutes or ten minutes.

When the predetermined time 1s elapsed since the discon-
nection of the wireless communication 1s detected, and the
processing 1s shifted to step S111, the control unit 30 outputs
a second control signal, which 1s a control signal for turning
ol the power of the projector 4, from the HDMI output unit
38 to the projector 4 by the CEC function of HDMI. When
the second control signal 1s inputted to the projector 4 1n the
power-on state, the projector 4 turns ofl its own power and
turns 1nto the standby state of waiting for the input of the first
control signal.

In step S112, the control unit 30 controls the power supply
device 39 to partly stop the supply of electric power and
switches the power state of the image receiving device 3
from the power-on state to the standby state. Subsequently,
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the control unit 30 shifts the processing to step S101 and
waits for the wireless communication by the image trans-
mitting device 2 to start.

As described above, according to this embodiment, the
image transmitting device 2 starts wireless communication
when coupled to the computer 1. The 1image receiving device
3 turns on the power of the projector 4 when the wireless
communication 1s started. That 1s, when the 1image transmiut-
ting device 2 1s coupled to the computer 1, the power of the
projector 4 1s turned on. Therefore, the user no longer needs
to move to the position of the projector 4 or the remote
controller 1n order to turn on the power of the projector 4.
This improves the convenience of the user.

According to this embodiment, the i1mage receiving
device 3 turns ofl the power of the projector 4 when the
wireless communication by the image transmitting device 2
1s disconnected Therefore, the user no longer needs to move
to the position of the projector 4 or the remote controller in
order to turn ofl the power of the projector 4. This further
improves the convenience of the user.

According to this embodiment, when the 1mage transmiut-
ting device 2 1s coupled to the computer 1, the power of the
image receiving device 3 turns on, too. This further
improves the convenience of the user.

According to this embodiment, when the wireless com-
munication by the image transmitting device 2 1s discon-
nected, the power of the image receiving device 3 turns off,
too. This further improves the convenience of the user.

Accordmg to this embodiment, the power of the prOJector
4 1s turned off after a predetermmed time 1s elapsed since the
wireless communication by the image transmitting device 2
1s disconnected. Therefore, the power of the projector 4 can
be restrained from being turned oflf when the wireless
communication 1s temporarily disconnected, for example,
when the 1mage transmitting device 2 1s coupled to another
computer 1 or the like.

According to this embodiment, the output of a control
signal for controlling the power of the projector 4 and the
output of 1mage information to the projector 4 are carried out
via the same HDMI output unit 38. Therefore, the configu-
ration of the image transmission system 100 can be simpli-
f1ed.

In a configuration where the 1mage receiving device 3
wirelessly communicates with a plurality of image trans-
mitting devices 2 and receives image mformation from each
image transmitting device 2, the control unit 30 outputs the
second control signal to the projector 4 and switches the
image receiving device 3 into the standby state, after a
predetermined time 1s elapsed since the 1mage transmitting
devices 2 are removed one after another from the computer
1 and the wireless communication with the last remaining,
image transmitting device 2 1s disconnected. When image
information 1s inputted to the HDMI 1nput unit 35, the
control unit 30 maintains both the image receiving device 3
and the projector 4 1n the power-on state even after the
wireless communication with all the image transmitting
devices 2 1s disconnected.

The 1mage information received by the 1mage receiving
device 3 from the 1mage transmitting device 2 1s encoded
image mformation, whereas the 1mage imformation output-
ted by the image receiving device 3 to the projector 4 1s
decoded 1mage information. That 1s, these two are of dii-
ferent formats. However, the two can be regarded as the
same 1mage information because both are image information

representing the same display image Iml.

Second Embodiment

FIG. 5 1s an explanatory view showing an image trans-
mission system 101 according to a second embodiment.
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As shown i FIG. §, the image transmission system 101
according to this embodiment has a computer 1 as an 1mage
supply device, an 1mage transmitting device 2, and a pro-
jector 5 as an 1mage display device. The projector 5 1n this
embodiment 1s a device formed of the i1mage receiving
device 3 and the projector 4 1n the first embodiment inte-
grated together. In this embodiment, the image transmitting
device 2 and the projector 5 are connected together via a
wireless LAN.

FIG. 6 1s a block diagram showing a schematic configu-
ration of the projector 3. FIG. 7 1s a block diagram showing,
a schematic configuration of an image projection unit 50
provided 1n the projector 3.

As shown 1n FIG. 6, the projector 5 diflers from the 1mage
receiving device 3 1n having the image projection unit 50
instead of the HDMI output unit 38 of the image receiving
device 3 1n the first embodiment but 1s the same as the image
receiving device 3 1n terms of the other components. There-
fore, 1n the description below, the same components as 1n the
image receiving device 3 are denoted by the reference signs
used 1n the description of the first embodiment, and detailed
description of each of these components 1s omitted.

The 1mage processing unit 37 in this embodiment per-
forms necessary processing such as decoding on image
information inputted from the image selection unit 36,
converts the processed i1mage information mnto a format
suitable for the use in the image projection unit 50, and
outputs the converted image information to the 1mage pro-
jection unit 50.

As shown 1 FIG. 7, the image projection unit 50 has a
light source 51, three liquid crystal light valves 52R, 52G,
52B as light modulation devices, a projection lens 33 as a
projection system, and a light Valve drive unit 54 or the like.
The 1 image projection unit 50 1s equivalent to a display unit.
The 1mage projection unit 50 modulates light emitted from
the light source 31 by the liquid crystal hght valves 52R,
52@, 52B so as to form 1mage light, then projects the image
light from the projection lens 33, and thus displays an image
on the projection surface SC.

The light source 51 1ncludes a discharge-type light source
lamp such as an ultra-high-pressure mercury lamp or metal
halide lamp, or a solid-state light source such as a light-
emitting diode or semiconductor laser. The light emitted
from the light source 51 1s converted into light with sub-
stantially uniform luminance distribution by an optical inte-
gration system, not i1llustrated, and then separated into color
light components of red, green, and blue, which are the
primary colors of light, by a color separation system, not
illustrated. Subsequently, the color light components

become incident on the corresponding liquid crystal light
valves 52R, 52G, 52B.
Each of the liquid crystal light valves 52R, 52G, 52B 1s

formed of a transmission-type liquid crystal panel, not
illustrated, that 1s made up of a pair of transparent substrates
with a liquid crystal enclosed between the substrates, or the
like. In each liquid crystal panel, a rectangular 1mage
forming area 52i made up of a plurality of pixels arrayed 1n
a matrix 1s formed, thus enabling application of a drive
voltage to the liquid crystal at each pixel.

The light valve drive unit 534 forms an 1mage 1n the 1image
forming area 52 of the liquid crystal light valves 52R, 52G,
52B. Specifically, the light valve drive unit 54 applies a drive
voltage corresponding to 1mage information inputted from
the 1mage processing unit 37, to each pixel in the image
forming area 52i, and thus sets each pixel to a light trans-
mittance corresponding to the image information. The light

emitted from the light source 51 is transmitted through the
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image forming area 52 of the liquid crystal light valves 52R,
52G, 52B and 1s thus modulated at each pixel, forming
image light corresponding to the image information for each
color light component. The resulting 1mage light of the
respective colors 1s combined for each pixel together mto
image light representing a color image by a light combining
system, not illustrated, and 1s projected in an enlarged form
onto the projection surface SC by the projection lens 53.
Thus, an 1mage based on the image information transmaitted
from the 1mage transmitting device 2, that 1s, the display
image Im2 including the display image Im1 displayed on the
display unit 13 of the computer, 1s displayed on the projec-
tion surface SC, as shown in FIG. 5.

Operations of the image transmission system 101 waill
now be described.

The 1image transmitting device 2 1s paired with the pro-
jector 5 1 advance, and the connection iformation Dc for
wirelessly connecting to the projector 5 1s stored in the
storage unit 21 of the image transmitting device 2. The
connection mformation Dc 1s acquired by the user coupling
the USB communication unit 23 of the image transmitting
device 2 to the USB communication umt 33 of the projector
5. However, when the communication target 1s decided 1n
advance, the connection information Dc maybe stored 1n the
storage unit 21 before product shipping.

When the user couples the USB communication unit 23 of
the 1mage transmitting device 2 that 1s already paired, to the
USB communication unit 15 of the computer 1, the image
transmitting device 2 receives supply of electric power from
the computer 1 via the USB communication unit 23 and
starts operating according to the control program stored 1n
the storage unit 21.

First, the 1mage transmitting device 2 starts wireless
communication by the wireless communication unit 24 and
requests the projector 3 to connect, based on the connection
information Dc stored in the storage unit 21. The projector
5 receives the request for connection from the 1mage trans-
mitting device 2 and transmits a response to permit connec-
tion. Connection between the image transmitting device 2
and the projector 5 via a wireless LAN 1s thus established.

Meanwhile, when detecting the coupling of the image
transmitting device 2 to the USB communication unit 15, the
control unit 10 of the computer 1 starts the image transmis-
sion program Pt that i1s installed 1n advance, and starts
operating according to the 1mage transmission program Pt.
Specifically, the control unit 10 outputs 1mage information
of the display image Im1 displayed on the display unit 13 of
the computer 1 to the image transmitting device 2 from the
USB communication unit 15. The image transmitting device
2 receives supply of the image information via the USB
communication unit 23 and starts transmitting the image
information from the wireless communication unit 24.

FIG. 8 1s a flowchart for explaining operations of the
projector 3, that 1s, a control method for the projector 5. In
the standby state, the projector 3 operates according to the
flow shown 1n FIG. 8. To simplify the explanation, FIG. 8
shows a configuration where the projector 5 receives 1image
information only from one image transmitting device 2.

As shown 1n FIG. 8, 1n step S201, the control umt 30 of
the projector 5 determines whether wireless communication
by the image transmitting device 2 1s started or not, that 1s,
whether a request for connection 1s made by the image
transmitting device 2 or not. When a request for connection
1s made by the image transmitting device 2, the control unit
30 shifts to step S202 and establishes connection via a
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wireless LAN. Meanwhile, when no request for connection
1s made by the image transmitting device 2, the control unit
30 repeats step S201.

As the wireless communication by the image transmitting
device 2 1s started and the connection with the image
transmitting device 2 1s established, the control unit 30 in
step S203 controls the power supply device 39 to start
supplying electric power to each part and switches the power
state of the projector 5 from the standby state to the
power-on state.

In step S204, the wireless communication unit 34 receives
image information transmitted from the 1mage transmitting
device 2. The recerved 1image information 1s outputted to the
image processing unit 37 via the image selection unit 36. In
step S205, the image processing unit 37 performs necessary
processing such as decoding on the mputted 1mage infor-
mation, outputs the processed image information to the
image projection unit 50, and thus causes the 1image projec-
tion unit 50 to display an image.

In step S206, the control unit 30 determines whether the
wireless communication from the image transmitting device
2 1s disconnected or not. When detecting that the wireless
communication 1s disconnected, the control unit 30 performs
processing to end the communication and then shifts the
processing to step S207. Meanwhile, when not detecting that
the wireless communication 1s disconnected, the control unit
30 returns the processing to step S204 and repeats the
reception and output of 1mage imnformation.

When the wireless communication by the image trans-
mitting device 2 1s disconnected and the processing 1s
shifted to step S207, the control unit 30 determines whether
the wireless communication by the image transmitting
device 2 1s resumed or not, that 1s, whether a request for
connection 1s made again by the image transmitting device
2 or not. When a request for connection 1s made by the
image transmitting device 2, the control umt 30 shifts the
processing to step S208. When no request for connection 1s
made by the image transmitting device 2, the control unit 30
shifts the processing to step S209.

When a request for connection 1s made by the image
transmitting device 2 and the processing 1s shifted to step
S208, the control unit 30 establishes connection with the
image transmitting device 2 via a wireless LAN again and
shifts the processing to step S204. From this point onward,
the projector 5 repeats the reception of 1mage information
transmitted from the image transmitting device 2 and the
display of an image.

Meanwhile, when no request for connection 1s made by
the image transmitting device 2 and the processing 1s shifted
to step S209, the control unit 30 determines whether a
predetermined time 1s elapsed since the disconnection of the
wireless communication 1s detected 1 step S206, or not.
When the predetermined time 1s not elapsed, the control unit
30 returns the processing to step S207 and determines
whether the wireless commumnication 1s resumed or not.
Meanwhile, when the predetermined time 1s elapsed since
the disconnection of the wireless communication 1s detected,
the control unit 30 shiits the processing to step S210.

When the predetermined time 1s elapsed since the discon-
nection of the wireless communication 1s detected, and the
processing 1s shifted to step S210, the control unit 30
controls the power supply device 39 to partly stop the supply
of electric power and switches the power state of the
projector 5 from the power-on state to the standby state.
Subsequently, the control unit 30 shiits the processing to
step S201 and waits for the wireless communication by the
image transmitting device 2 to start.
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As described above, according to this embodiment, the
image transmitting device 2 starts wireless communication
when coupled to the computer 1. The projector 5 turns on its
own power when the wireless communication 1s started.
That 1s, when the 1mage transmitting device 2 1s coupled to
the computer 1, the power of the projector 5 1s turned on.
Therefore, the user no longer needs to move to the position
of the projector 5 or the remote controller 1n order to turn on
the power of the projector 5. This improves the convenience
of the user.

According to this embodiment, the projector 5 turns off 1ts
own power when the wireless communication by the image
transmitting device 2 1s disconnected. Therefore, the user no
longer needs to move to the position of the projector 5 or the
remote controller in order to turn off the power of the
projector 5. This further improves the convenience of the
user.

The embodiments may be changed as follows.

In the first and second embodiments, the computer 1 1s
employed as an 1mage supply device. However, the image
supply device 1s not limited to the computer 1 and may be
any other device to which the image transmitting device 2
can be coupled, for example, a smartphone or tablet termi-
nal.

In the first and second embodiments, the coupling
between the computer 1 and the 1image transmitting device
2 1s 1n conformity with the USB standard. However, this
coupling may be in conformity with other standards. It 1s
desired that the computer 1 and the 1mage transmitting
device 2 are coupled together via a wire such as USB. The
wired coupling enables visual checking of the coupling
between the computer 1 and the 1image transmitting device
2, that 1s, the coupling that triggers switching of the power
state of the 1image recerving device 3 or the projectors 4, 5.
Thus, wrong coupling can be prevented.

Although a configuration where the 1mage transmitting
device 2 and the 1mage receiving device 3 or the projector
5 communicate with each other via a wireless LAN 1s
described, the communication may be in conformity with
other standards, provided that wireless communication 1s
employed.

In the first embodiment, the coupling between the 1mage
receiving device 3 and the projector 4 1s in conformity with
the HDMI standard. However, the coupling may be in
conformity with other standards.

In the second embodiment, the transmission-type liquid
crystal light valves 52R, 52G, 52B are used as light modu-
lation devices. However, a reflection-type light modulation
device such as a retlection-type liquid crystal light valve can
be used. Also, a digital micromirror device which controls
the direction of exit of incident light for each micromirror as
a pixel and thus modulates the light emitted from the light
source 51 can be used. The configuration having a plurality
of light modulation devices corresponding to color lights 1s
not limiting. A configuration where a single light modulation
device modulates a plurality of color lights 1n time division
may be employed.

In the first and second embodiments, the projectors 4, 5
are employed as an i1mage display device. However, the
image display device 1s not limited to the projectors 4, 5 and
may be other 1image display devices such as a liquid crystal
display or organic EL display. In such cases, a display screen
formed by a liquid crystal panel, organic EL panel or the like
1s equivalent to a display umnit.

In the first embodiment, the 1mage recerving device 3
performs both the output of image information to the pro-
jector 4 and the output of a control signal for controlling the
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power of the projector 4, via the same HDMI output unit 38.
However, the 1image receiving device 3 may perform the
output of 1mage information and the output of a control
signal via different interfaces.

What 1s claimed 1s: 5

1. An 1mage transmission system comprising:

an 1mage transmitting device coupled to an 1mage supply

device, and

an 1mage receiving device coupled to an 1mage display

device, the 1image transmission system being config- 10

ured to transmit 1mage information from the image

transmitting device to the 1mage receiving device via
wireless communication,
the 1mage transmitting device comprising:

a first wireless communication unit starting the wireless 15
communication when the 1mage transmitting device
1s coupled to the image supply device, and transmit-
ting the 1image information supplied from the image
supply device to the image receiving device,

the 1mage receiving device comprising: 20

a second wireless communication unit receiving the
image mnformation transmitted from the image trans-
mitting device;

a first output unit outputting the image information
recerved by the second wireless communication unit 25
to the 1mage display device;

a second output unit outputting a control signal con-
trolling a power of the image display device to the
image display device; and

a control unit detecting a state of the wireless commu- 30
nication by the image transmitting device, the con-
trol unit 1s configured to input and output control
information to and from the image display device via
the first output unit and the second output unit,
wherein the control information includes controlling 35
the power of the image display device, and wherein

the control unit outputs a first control signal from the
second output unit directly to the image display device
for the image display device to turn on its own power,

when detecting that the wireless communication 40

requesting to transmit image information 1s started, and

the control unit outputs a second control signal turning off
the power of the image display device from the second
output unit to the 1mage display device, when detecting

that the wireless communication 1s disconnected. 45

2. The 1image transmission system according to claim 1,
wherein

the 1mage receirving device 1s configured to switch

between a first state where the power 1s on and a second

state where the power 1s ofl except for a portion 50

including the second wireless communication unit, and

the control unit switches the image receiving device into
the first state when detecting that the wireless commu-
nication 1s started where the 1image receiving device 1s

in the second state. 55

3. The 1mage transmission system according to claim 2,

wherein
the control unit switches the image receirving device into
the second state when detecting that the wireless com-

munication 1s disconnected where the 1image receiving 60

device 1s 1n the first state.

4. The 1image transmission system according to claim 1,
wherein
the control unit outputs the second control signal from the

second output unit after a predetermined time 1s elapsed 65

since 1t 1s detected that the wireless communication 1s

disconnected.
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5. The image transmission system according to claim 1,
wherein

the second output unit 1s the same as the first output unait.

6. The 1mage transmission system according to claim 1,
wherein

the 1mage transmitting device 1s coupled to the image
supply device via a wire.

7. An 1mage receiving device which receives 1mage
information from an 1mage transmitting device starting
wireless communication when coupled to an 1mage supply
device and which outputs the image information to an image
display device, the 1image receiving device comprising:

a wireless communication unit recerving the image infor-

mation transmitted from the image transmitting device;

a first output unit outputting the image information
received by the wireless communication unit to the
image display device;

a second output unit outputting a control signal control-
ling a power of the image display device to the image
display device; and

a control unit detecting a state of the wireless communi-
cation by the image transmitting device, the control
unit 1s configured to mput and output control informa-
tion to and from the image display device via the first
output unit and the second output unit, wherein the
control information includes controlling the power of
the 1mage display device, and wherein

the control umt outputs a first control signal from the
second output unit directly to the image display device
for the 1image display device to turn on 1ts own power,
when detecting that the wireless communication
requesting to transmit 1image information 1s started, and

the control unit outputs a second control signal turning off
the power of the image display device from the second
output unit to the 1mage display device, when detecting
that the wireless communication 1s disconnected.

8. A control method for an 1mage receiving device which
receives 1mage information from an i1mage transmitting
device starting wireless communication when coupled to an
image supply device and which outputs the image informa-
tion to an 1mage display device, the control method com-
prising:

outputting the 1mage information received by a wireless
communication unit to the image display device by a
first output unit of the image receiving device;

outputting a signal controlling a power of the image
display device to the image display device by a second
output umt of the image receiving device;

detecting a state of the wireless communication by the
image transmitting device;

outputting a {irst control signal from the second output
unit directly to the image display device for the image

display device to turn on its own power, when detecting
that the wireless communication requesting to transmit
image information 1s started;

receiving the image information transmitted from the
image transmitting device;

outputting the received image information to the image
display device; and

outputting a second control signal from the second output
unit to the image display device turning off the power
of the image display device, when detecting that the
wireless communication 1s disconnected.
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